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[57] ABSTRACT

This invention prowdes a general method for the con-
version of alkenes to primary vicinal diamines by use of
a cobalt alkylnitroso complex and reduction with lith-

ium aluminum hydride. A preferred species has the
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COBALT ALKYLNITROSO COMPLEXES AND |
METHODS THEREWITH .

. FIELD OF THE INVENTION

ThlS invention relates generally to a réeagent for ami-
nating alkenes, and more particularly to a cobalt alkyl-
nitroso complex useful for convertmg alkenes to pri-
mary vicinal diamines. . -

The invention descrrbed hereln was made in the

course of, or under, a grent from the Natlonal Institutes
- of Health. *

PRIOR ART

- Vicinal diamines are useful precursors in many syn-
theses of practtcal apphcatron In pharmaceutrcal appli-
| catlons, vicinal diamine precursors are useful to synthe-
size various blologlcally active compounds For exam-

ple, Biotin may be synthesrzed fmm a dlamme precursor
of the structure -

-0
CHz(CHz)g—'CH ]
- -: \0

by conversion of the vicinal, primary amino groups to a
- cyclic urea structure as an intermediate compound.
- Vicinal diamines are also used in preparing various
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“ types of polymers and in preparing chelatmg agents, for

example from diamine precursors such as

COzH
COzH

It is particularly desirable for many syntheses that vici-
‘nal diamines have primary diamino groups; since deriv-
~ atives are more easily formed therefrom than with sec-
ondary Or tertiary amines. : S

Several reagents have been developed in the last
decade for the conversion of various specific olefins to
- diamines. These. reagents have not been suitable ‘for
converting a variety of olefins to diamines, or have not
produced primary vicinal diamines. It has been: reported
by Brunner and Loskot Agnew. Chem. Internat, Edit.

45
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10,515(1971) and J. Organonet. Chem 61 401(1973) that

- a cobalt mtrosyl dlmer of the structure

reacts in the presence of NO wrth norbomene to glve a
complex of the structure | |

. 63

It was noted that the above complex appeared to react
with both LiAlH4 and 13 however, the products of
these reactions were not reported.

‘Accordingly, a general, substantially direct method
for the preparation of primary vicinal diamines has
hitherto been lacking. Additionally, for applications
such as synthesizing biologically active compounds, it is
desirable that the vicinal diamine precursor be:of sub-
stantlally one stereoisometric form. Biotin, for example,
requlres a Cis pnmary dlamme precursor.

SUMMARY OF THE INVENTION

It is an object of the present 1nventlon to provrde a
stable reagent useful for converting a varlety of alkenes
to prlmary diamines having adjacent amino groups.

It is a further object of the present invention to pro-

= vide a method for prepanng a diamine compound hav-

ing primary adjacent ammo groups in good to excellent
isolated vields.

It is yet another object of the present invention to
provide a method for preparmg a diamine compound
having primary adjacent amino groups and a plurality
of stereoisomers to yield a reaction product of at least
about 65% of one of the stereoisomers.

In one aspect of the present mventlon, a compound 1S

provided which has the structure

wherein Rj is phenyl, hydrogen or alkyl, Rj is phenyl,
hydrogen or alkyl, R3 is phenyl, hydrogen or alkyl and
R4 is phenyl, hydrogen or alkyl.

In another aspect of the present invention, a method
for preparing a diamine compound having primary
adjacent amino groups comprises the steps of providing
a reagent of the above-described structure and contact-
ing the reagent wrth L1A1H4 to form the dlamme com-
" Ina further aspect of the present 1nventlon a method
for aminating a compound having a carbon-carbon dou-
ble boand to prepare.a diamine product compound com-
prises admixing a reaction mixture consmtmg essenttally

of a reagent of the structure

CH3

and the compound hawng the carbcn carbon donble
bond, the reagent reacting with the compound to form
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an adduct compound, and contacting the reaction mix-
ture having the adduct compound therein with LiAlH4.

Accordingly, this invention provides a general
method for the direct conversion of a variety of alkenes
by utilizing a cobalt alkylnitroso complex in accordance 5
with the present invention. Yields of up to 90% of di-
amine product, and good to excellént stereoselectlwty
may be obtained in accordance with the present inven-
tion.

Additional objects, advantages and novel features of g
the invention will be set forth in part in the description
which follows, and in part will become apparent to
those skilled 1in the art upon examination of the follow-
ing description or as may be learned by practice of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides novel precursor com-
pounds which may be readily reduced to diamine com-
pounds baving primary adjacent amino groups thereon.
These novel compounds shall first be described, and the
method aspects of the present invention shall then be
described.

135

20

COMPOUNDS 25

The novel compounds of the present invention are of
the general structure illustrated by Formula 1, below.

Formula.l 3Q
O

\N
Co/

\N
V4

O

3
<] Rj

<iR,

HIIW

Elu

35

A compound of the general structure as represented by
Formula 1, above, shall hereinafter be sometimes re-
ferred to as a cobalt alkylnitroso complex. These cobalt
alkylnitroso complexes are prepared from alkenes of the
general structure

) i

Ry Ry

The R1, Ry, R3 and R4 substituents of the cobalt alkyl
nitroso complexes derive from and are the same as the
R1, R2, R3 and R4 groups of the alkene chosen to pre-
pare each one of the cobalt alkylnitroso complexes. -

These alkenes can be terminal, E- and Z- di-, tri- and
tetrasubstituted alkenes. More particularly, R; may be
phenyl, hydrogen or alkyl, Ry may be phenyl, hydrogen
or alkyl, R3 may be phenyl, hydrogen or alkyl and R4
may be phenyl hydrogen or alkyl.

By alkyl is meant saturated carbon chains which may
be unsubstituted or which may be substituted with vari-
ous known organic functional groups such as, for exam-
ple, hydroxyl. The carbon chain of these alkyl groups 60
may be branched or non-branched. The carbon chain of
these alkyls can be of various lengths, although an
upper limit on the length, if the diamine compound to be
prepared from the precursor cobalt alkyl nitroso com-
plex is to be purified by distillation, is about Cig. This is
because diamine compounds having R, Ry, R3 and/or
R4 as alkyls of chain length greater than about 10 have
low volatility. However, longer carbon chain lengths

50
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are feasible in accordance with the present invention
where the diamine ¢compound is not isolated, or is puri-
fied by conversion to various derivatives, such as cyclic
urea derivatives.

A partlcularly preferred one of the cobalt alkylm-
troso complexes is illustrated by Formula 2, below.

O
\ CHj
Co
\N
e
o
The Formula 2 compound shall be hereinafter some-
times referred to as the dimethyl species, and aspects
and particular advantages thereof shall be further dis-
cussed hereinafter.
Preparations of the cobalt alkylmtroso complexes are

generally illustrated by reaction scheme I, below. “Cp”
stands for

Formula 2

Reaction Scheme 1

O
!\II
Rj Rj
I +Cp—Co/ \CO“CPNO
R, Ra . \N _~ Z
|
O
O
| Rs
~ NE R
Cp—Co
SNN2R
| R4
O

Reaction Scheme I, above, illustrates the reaction of
a cobalt nitrosyl dimer with alkene and NO. The cobalt
nitrosyl dimer 1s known and may be prepared, for exam-
ple, by the method of H. Brunner, J. Organonet. Chem.
12,517(1968).

The mechanism of Reaction Scheme 1 .is believed to
proceed by means of an initially-formed intermediate
CpCo (NO);.

A cobalt alkylnitroso complex formed as in Reaction
Scheme I is preferably stabilized by performing the
reaction at about 0° C. The cobalt alkylnitroso com-
plexes may be isolated following Reaction Scheme I, or
may be directly utilized in solution (e.g., without 1sola-
tion) to prepare diamine compounds, as shall be herein-
after further described.

The dimethyl species is a particularly preferred one
of the inventive cobalt alkylnitroso complexes due to its
excellent thermal stability and stability in air, and also
due to certain advantages when used to prepare diamine
compounds, which use and advantages shall be further
described.
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Example I, below, illustrates the preparatlon and
analysis of the preferred dlmethyl Spec1es

EXAMPLE 1 (3,3 dimethyl Spemes) e

Under an inert atmOSphere (Nz) 0. 932g (3.0m moles)
of cobalt. nltrosyl dimer was. weighed into ‘a reaction

flask. Dry, oxygen-free CH:Cly(17 mL.) was added and

the mixture was cooled to 0° C. in an ice bath. Argon
was bubbled through the mixture for three minutes.
Isobutylene and nitric oxide gases were -allowed to
purge their separate tubings before being bubbled
through the reaction solution. Both gases were simulta-
neously bubbled very slowly (about 3 mL/min for each
~ gas) through the reaction solution. The disappearance
of cobalt nitrosyl dimer was followed by TLC on silica
gel.
After 70 minutes, the solution was degassed for five
minutes by bubbling with argon to remove excess NO
and flash chromotographed on silica gel using. 5%

5

10

15

. 6
denser was charged with 0.765 g (2.49 mmol) of the

cobalt nitrosyl dimer, [CpCoNO], under a positive pres-
sure of argon. Freshly distilled, oxygen-free THF (10
ml) was: added via cannula atd 423 microliters (3.37
mmoles) of degassed trans-3-hexene was added via sy-
ringe. The resulting dark green solution was cooled to
0° C. in an ice bath and the condenser cooled to —78° C.
to prevent loss of the olefin by evaporation. Argon was
bubbled through the mixture for 10 min. Nitric oxide
gas was then allowed to purge the tubing before being
bubbled through the solution. The gas was bubbled
very slowly (3 ml/min) through the reaction mixture.
The disappearance of trans-3-hexene was monitored by
GC, and the disappearance of [CpCoNO]; was followed
by TLC on silica gel. -

" A number of different alkenes were utilized to pre-
pare various cobalt nitroso complexes. Such prepara-
tions were by procedures analogous to Examples I and
I1, above. Data from preparatlon of seven cobalt nitroso

ether/CH;Cl as. eluant and argon as the. pressure 20 complexes are summarized in Example III, below.

source. The dimethyl species eluted as a dark red band.
The eluted red solution-was evaporated and redissolved

Example III

vNo of

moles), or 62% with respect to the cobalt nitrosyl di-
mer. The dimethyl sPeoles was obtamed as black CTySs-
tals and analyzed | | |

Analyms

‘H-nmr (CﬁDﬁ) 4.75 (s,SH)
(s,6H)ppm

IR (KBr) 1420 (m) 1361 (m), 1351(5), 1310 (m)
em—1. -
- Anal., Calod for CgH]3N202C0 C 45. 01 H, 5.46; N;

247 (s,2H),‘ 1.01

50

55

1167 Co,245 Found C, 4503 H 5.46; N 11.72; Co 60

24.0.

Example I1, below, further 1llustrates preparatlon of a
 cobalt alkylmtroso complex of the present invention
wherem the alkene was trans 3-hexene SR

EXAMPLEII 3,4 dlethyl spemes)

A 3-neck 25 ml pear-shaped ﬂask eqmpped w1th Stll‘
bar, rubber septum, gas inlet bubbler, and dry ice con-

I . Mmoles Mmoles - Reaction
| Alkene ~ alkene  [CpCoNO}; Complex (cm™!)  Time (min)
() Ph_ _H 3.35 2,50 1356, 1387 120
o I ' 1430
- CH; CH3
" (2) CH;3 CH3 3.35 250 1358, 1388 85
o I 1435, 1434
CH;” "CH3 -
(3) CH;;CH;’ - _H 12.90 2.20 1362 75
c I - 1427
CHQCH;; L |
(4) 'CH3CH2 H 3.30 2.49 1370 150
: I 1418
a TCHZCH;, H | |
(5) C4HgCH-—CH2 3.33 2.48 1370 60
S 1427
(6) Ph. “H_ 3.35 2.53 1359, 1371 90
I" : 1428 -
' l - ' |
H  CHj -
(7) Ph H 3.30 247 . 1354, 1378 120
-7 I | 1428
CHy” TH
ina sma]l quantity of CH,Cl, followed by the addltlon
of ether (9 mL) and slow cooling to —60° C. Yield after
filtration and drying under vacuum was 0.895 g (3.7 m METHODS

In accordance with the present invention, a method
for preparlng a diamine compound having adjacent
primary amino groups comprises the steps of providin g
a cobalt alkyl nitroso complex, such as has been previ-
ously described, as a reagent and contacting the cobalt
alkyl nitroso complex with lithium aluminum hydride to
form the diamine compound as a reaction product. The
inventive method is generally illustrated by Reaction
Scheme 11 as follows.

Reaction .Scheme II

O
‘\\N 3
Co/ ]: I LiAlHy
N
- ]

R3
HoN Ri

R

H2N Rz

Ell’il
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Wherein Rj, Ry, R3 and R4 are as previously described.

The cobalt alkylnitroso complex of the providing
step 1s normally in solution of a suitable organic solvent,
for example tetrahydrofuran. The lithium aluminum
hydride of the contacting step is normally suspended in
the same liquid solvent. |

The cobalt alkylnitroso complex may be freshly pre-
pared by dissolving or diluting in solvent, or may be a
solution as results from Reaction Scheme I. That is, the

cobalt nitroso complexes formed as previously dis-
cussed and illustrated by Reaction Scheme I need not be
1solated, but may be directly utilized for preparing the

diamine compounds as illustrated in Reaction Scheme
II, with good to excellent overall yield of the reaction
product diamine compound.

It 1s preferred that the contacting step be conducted
at a temperature less than about 0° C., as it has been
found that depressing the temperature during the con-
tacting step assists in stabilizing the cobalt alkyl nitroso
complexes in solution. More preferably, the tempera-
ture during the contacting step is from about —50° C. to
about — 70" C., and most preferably, the contacting step
includes adding the solution having the cobalt nitroso
complex therein to a liquid suspension of lithium alumi-
num hydride at a temperature of between about —50°
C. to about —70° C. with rapid stirring.

Example 1V, below, illustrates the inventive method.

EXAMPLE IV

A solution of the diethyl species was prepared by the
procedure described in Example I1, above. This reagent
solution was then degassed for five minutes by bubbling
with argon to remove excess NO. The reagent solution
was diluted to a total volume of 20 ml with THF (added
via cannula), and cooled to —65° C. The resulting dark
red reagent solution was added dropwise, via cannula,
over a 15-minute period to a 250 ml 3-neck round bot-
tom flask fitted with a reflex condenser and rubber
septum, and containing 1.70 g (42.6 mmoles) of LiAlH4
' magnetically stirred in 50 ml of THF at — 70° C. under
a nitrogen atmosphere. The red reaction mixture be-
came dark green in color, as the temperature rose to
between —55° and —60° C. The initial reaction vessel
was rinsed with 20 ml of THF and added in the same
manner to the LiAlH4 mixture. The dry ice bath was
allowed to warm to room temperature and the solution
was stirred for a total of 18 hours. The mixture was
brought to reflux for one hour, then cooled to —60° C.
and the excess LiAlH4 destroyed by sequential drop-
wise addition of 1.70 ml H,O, 1.70 ml 159 NaOH, and
5.10 ml H7O. After warming to room temperature and
stirring for four hours, the mixture was filtered and the
precipitate washed with 2 X 30 ml of THF. The filtrate
was dried over KyCQOs, filtered, and the solvent re-
moved under vacuum to give dark yellow oil. This was
distilled under reduced pressure at < 5 u and room tem-
perature into a liquid nitrogen cooled trap yielding
0.232 g of reaction product diamine compound (60%
overall yield with respect to original, trans-3-hexene) of
a clear, pale yellow oil that was 98% pure by GC, IR
and 'TH-NMR. Removal of the minor impurities by
preparative GC gave analytically pure diamine.

The tabulated data of Example V, below, illustrates
the inventive method with the seven solutions of cobalt
nitroso complexes from Example III. Each of these
seven solutions was contacted with LiAlH4 in an analo-
gous manner to Example IV to form the diamine reac-
tion product.
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EXAMPLE V

_Diamine Reaction

Cobalt Nitroso Product ~ Ratio of
Complex Yield % Diastereomers
(1) 78 —
2) 66* —
(3) 80 90:10**
4) 62 34:66**
(3 79 —
(6) 90 85:15%*
(7) 74% 28:72+*

*Yield of diamine reaction product isolated after conversion to cyclic urea derjva-
tive.
**Threo:erythro

As may be seen from Example V, above, adding the
solution having the cobalt nitroso complex as reagent
therein to the suspension of lithium aluminum hydride
with rapid stirring at temperatures of between about
—350° C. to about —70° C. is preferred for the contact-
ing step where the reaction product diamine compound
has a plurality of stereoisomers.

In a further aspect of the present invention, a method
1s provided for diaminating a compound having a car-
bon-carbon double bond to prepare a diamine com-
pound having adjacent primary amino groups. The

‘method comprises the steps of admixing a reaction mix-

ture consisting essentially of two reactants to form an
adduct compound in the reaction mixture. The reaction

- mixture is then contacted with lithium aluminum hy-

dride to form the desired diamine product.

One of the two reactants of the admixing step is the
preferred dimethyl species of the cobalt alkyl nitroso
compound, e.g., the compound whose structure is illus-
trated by FIG. 2. The other of the two reactants is the

- compound having the carbon-carbon double bond

45

30

35

60

65

which is to be diaminated. The dimethyl species, or
reagent, reacts with this compound by adding at the
carbon-carbon double bond to form an adduct com-
pound in the reaction mixture.

A wide variety of compounds may be diaminated by
practice of the inventive method. For example, bicyclic,
cyclic and linear alkenes may be diaminated, and such
alkenes may include various functional moieties such as,
for example, hydroxyl groups. Additionally, the com-
pound to be aminated may be a non-homocyclic com-
pound, for example such as butadiene sulfone (which
would normally be reduced to sulfide in the LiAlH4
step) or a derivative thereof, so long as the compound to
be aminated has a carbon-carbon double bond at which
the reagent will add to form the adduct compound.

As has been already noted, the dimethyl species is
quite stable. Thus the dimethyl species may be bottled,
shipped and stored in crystalline form until its use is
desired as reagent in the diaminating method. The di-
methyl species also provides that the admixing step
needs no NO for forming the adduct compound, and
that the isobutylene concurrently formed with the ad-
duct compound in the reaction mixture volatilizes from
the reaction mixture, so that the reaction mixture during
the contacting step consists essentially of the solubilized
adduct compound. Thus, yield and isolation of the di-
amine compound following reduction with lithium alu-
minum hydride is facilitated. |

Example VI, below, illustrates the diaminating
method.
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- EXAMPLE VI
(a) Formation of Adduct Compound -

Freshly chromatographed dimethyl species (pre-
pared from 0.268 g (0.87 mmoles) of cobalt nitrosyl
dimer and isobutylene as in Example I, above) was
dissolved in 25 ml benzene in a 2-neck 50 ml round
bottom flask equipped with a stir bar, reflux condenser
and rubber septum. Norbornylene (1.64 g, 17.4 mmoles)
was added and the mixture was degassed with argon via
syringe, and heated to reflux using a heating mantle.
The reaction was followed by TLC on reverse phase-8
with 5% H;0/CH;CN as developer. After two hours,
the solvent was removed on a rotary evaporator and the
black powder that remained was dried under vacuum.
The yield was 0.364 g (1.3 mmoles; 75% based on the
dimethyl species) of norbornylene adduct compound
which was identified by comparison of its {H-nmr spec-

S

10
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20

trum in benzene-dg with that of a sample prepared by

the reaction of the cobalt nitrosyl dimer with norborny-
lene and NO.

(b) Formation of Diamine Compound

The adduct compound of subpart (a), above, was
divided into two samples, each was dissolved in THF,
and then treated as follows. The first sample was added
to a suspension of lithium aluminum hydride in tetrahy-

235

30

drofuran with rapid stirring at a temperature of 0° C. On

refluxing the tetrahydrofuran, the cis-exo isomer made

up 84% of the reaction product. The second sample was

added to a suspension of lithium aluminum hydride at
—65° C., which gave a reaction product diamine having
90% of the cis-exo isomer.

- The reactions of Example VI are generally tllustrated
. by Reaction Sch.'eme IV, below.

Reaction Scheme IV

35
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| ~continued
Reaction Scheme IV

We claim:
1. A compound of the structure
- I
' N3
C ~ j::-Rl'
o !
\N =<1 R3.
| .
. O R4

wherein R is phenyl, hydrogen or alkyl, R, is phenyl,
hydrogen or alkyl, R3 is phenyl, hydrogen or alkyl and
R41s phenyl, hydrogen or alkyl, and at least one of R},
R3, R3and Ry is phenyl or alkyl.

2. The compound

635
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